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CHAPTER 1

INTRODUCTION

1. PURPOSE

The purpose for preparing this handbook series is fourfold: (a) to
val idate CHINOOK performance data quickly, (b) to reduce the manpower
and time to prepare accurate flight profiles, (c) to standardize per-
formance data so that the analysis community can benefit from a single
reference In conducting studies and (d) to provide a handbook that can
be used for training in the mi ssion profile planning area.

2. BACKGROUND
• The CHINOOK performance data contained in this Flight Profile Performance

• Handbook (FPPH) series was origi nally acqui red as a data base for the
Aircraft Mission Processing Simulation (AMPS) model. AMPS is a computer
program developed by the Aviation Systems Analysis Branch of the US Army• TRADOC Systems Analysis Activity (TRASANA) to support Cost and Operational

• Effectiveness Analyses (COEAs). AMPS generates detailed flight profiles
for a wide variety of helicopter missions. The data was provided TRASANA

• • by the Army Aviation Research and Development Command (AVRADCOM) and was
the most accurate data available to AVRADCOM at the time of handbook
publicat ion. In structuring the data base for AMPS it was noted that
the data, when properly organized , could provide a method of doing quick
and simple fl ight profile simulations. This volume presents the
CHINOOK data and explains how it can be used.

3. OBJECTIVES OF THE HANDBOOK

a. Data Validation. This volume of the handbook contains tables
with the precise performance data and format required to develop flight
profiles for computer simulations. Using the handbooks as a reference,
the individual project manager (PM) will be able to quickly validate or
update as required all associated data contained In the different tables.
If this procedure is followed by the various PMs, support of Helicopter •

COEAs and other analyses can be efficiently implemented.

• b. Fl ight Profile Development. Much of the manpower and time spent
In preparTng flight profiles for supporting aircraft COEAs is dedicated
to look-up, correlation and validation of performance data. Once the
procedure contained in this handbook Is impl emented, flight profiles can
be easily prepared. What normally took one man 4 to 5 days to prepare
can now be prepared in 3 to 4 hours.
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c. Standardization of Performance Data. Each of the PMs has been
contacted by AVRADCOM to validate the performance data contained in
each handbook in this series. Once each handbook is published, the
data contained will be kept current as of the publication date. Since
the requests for current information are constantly being forwarded to
the PMs by analysis groups, this handbook can be a reference and assure
a commonality in studies within the coninunity.

d. Training for Planning Missions and Flight Profiles. For training
purposes each handbook can stand alone. It is only a matter of following
the example provided and applyi ng the proper data to fit the fl i ght
profile desired. Although the example shown Is simpl i stic, the methodo-
logy may be expanded to apply to any flight profile no matter how complex.

4. OTHER VOLUMES

This handbook Is one of a series that covers the helicopters in the US
Army inventory. The complete set of handbooks and their subjects are:

Volume I - FPPH Description

Volume II - UH-6OA (BLACKHAWK )

Vo lume III - AH-lG (COBRA )

Volume IV - AK-iS (COBRA)

Volume V — YAH—64 (Advanced Attack Helicopter [AM])

Volume V I - OH-58C (KIOWA )

Volume V I I  - CH—47 (CHINOOK)

Volume V I I I  — CH—54 (TARHE)

Volume IX — UH—1H (HUEY)

• 5. GENERAL HANDBOOK DESCRIPTION •

• • a. Performance Data. The data contained in these volumes is CHINOOK
performance data compiled from the results of actual experiments. It is
not engi neering data and is not intended to serve as a base for future

4 helicopter construction or acquisition. The more mature the helicopter
4 becomes, the less likely there will be a change In the basic performance• ‘4•~ data.

* 2
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b. Handbook Organi zation. This volume is one of a series of volumes
as identified In paragraph 4 above. Volume I is a description of the
methodology used to develop the tables for each of the other volumes.
This volume and all other volumes except Volume I provides a simplified
flight profile example in Chapter 2. Chapter 3 provides an explanation

• of each of the five types of data tables contained in the handbook.
The five types of tables deal with: (1) Basic Fuel Flow Data, (2) Delta
Fuel Flow for Drag Data, (3) Ground Idle Fuel Flow Data, (4) Gross Weight

• limits Data and, (5) VelocIty Limits data. Chapter 4 contains the actual
tables to be used for developing flight profiles. •

c. Volume VII Organization. The US Army has four different
versions of the CH-47 CHINOOK. Due to the large amount of data for
these four versions and to allow for easier reference, there is
a separate section of Volume VI! for each. Volume VIIA contains data
for the CH—47A. In the same manner, Volume VIIB contains CH-478 data,

• Volume VIIC contains CH—47C data, and Volume VIID contains CH—47D data.

t i 
I •1

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~- 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘•• ••••• — • • ••
~

• •
• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •

~ -~~
• • •

(
• 

~~~~~~ ZDIJ~~ PAOZ BLhIE~-NOT I11J ~~~~

CHAPTER 2

FLIGHT PROFILE EXAMPLE

1. GENERAL

This chapter provides an example of how to develop a fl ight profile,
albeit simple, that can be extended to cover any number of stops, loads
and distances all depending on helicopter capability and fuel available.

2. ~)ISCUSSION

a. The main question this example of a fl ight profile will answer
is, MDO I have enough fuel to fly the proposed mi ssion?”

b. Suppose a pilot is to fly a simple resupply mission in a CH—47A
CHINOOK helicopter that calls for flying (as shown in illustration
2—1) from point A (the air base), to point B (the pick up area) to point
C (the drop off area) and return to A.

A 

c

U 

Illustration 2-1

c. The other i nformation given is airspeed (AS) from A to B which •

i s to be 70 knot s (kts), from B to C 40 kts , and from C to A 70 kts.
The CHINOOK helicopter is to be flown, at 4,000 ft for all legs at an

• 
• ambient temperature of 15°C, and an idle altitude for take off, pick—up

and drop off areas (ground level) of 2000 ft*. The mission plan also
shows 10 mi nutes idle at A before take off, 20 mi nutes idle at B while
loading, 20 mi nutes Idle at C while unloading and 10 min utes idle on

4 return to A before shut down. The CHINOOK will be flown empty at a
• . gross weight (GW) of 20 000 lbs from A to B and from C to A, whi le the

cargo from B to C will be 12,000 lbs.

4A 1Z aiti tud~e are in reference to eca tevet
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d. The fl ight plan is prepared by drawi ng up a table similar to
Table 2—1 below. By fill ing In the blanks under fuel , It can be deter-
mined if the total Is too large for the helicopter. 

U

U 
TABLE 2-1

Helicopter: CHINOOK (CH-47A)

Altitude: 4000 ft flight/2000 ft idle

Temperature: 15°C

- 

LEG DISTANCE AS TI~E GW (ibs) FUEL
I d l e @ A  - - 10 mm -
A-B 70 N.M. 70 kts 1 hr 20,000
I d l e @ B  - 

• 

20 mm —

• B-C 80 N.M. 40 kts 
— 

2 hr 32,000
I d l e @ C  — - 20 mm -
C—A 140 N.M. 70 kts 2 hr 20,000 • •

Idle @ A - - 10 mm -

e. First fil l in Idle @ A , Idle @ 8 , Idle @ C and 2nd Idle @ A
since they wi ll all come from Table 2—2. In each case the idle is at
2000 ft and a temperature of 15°C. Consulting the ground Idle fuel • • I
shown in Table 2—2 , the value of 1124 lbs/hr is at the Intersection of
2000 ft and 15°C.

• 1st Idle ~ A • 1/6 X 1124 • 187 lbs

I d l e @ B — l / 3 X 1 1 2 4 — 375 lbs

I d l e @ C ~~~l/ 3X 1124 - 375 lbs

2nd Idle 0 A 1/6 X 1124 • 187 lbs •

-
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Notice the conversion from mi nutes to hours. These values nust be
used because fuel flow is in lbs/hr.

f. The fuel flow for the three legs of the mi ssion are calculated
next. The heading on Table 2—1 shows a need for the Basic Fuel Flow
data chart for the CHINOOK hel icopter flying at 4000 ft and at 15°C

- ambient temperature. Table 2-3 contains the necessary information. 
• U

(1) Leg A—B is at 70 kts and 20~O00 lbs. This is not one of the H
• values given but 60 kts is 1333 lb/hr and 80 kts is 1316 lb/hr. Interpolation

gives the value of 1325 l b/hr for a 70 kts airspeed. Since the leg is
one hour long:

Leg A—B = 1 X 1325 = 1325 lbs -

(2) Leg B—C is at 40 kts and 32,000 lbs. This value is in the
table; 2051 lbs/hr. Since the leg is two hours long :

Leg B—C = 2 X 2051 = 4102 lbs

(3) Leg C—A is at 70 kts and 2O,OO:~ lbs. This fuel fl ow rate was
• computed above to be 1325 lbs/hr. Since the leg is two hours long:

-‘ Leg C—A = 2 X 1325 = 2650 lbs .

g. The fl i ght profile can be finished by fil l ing in Table 2-1 as
shown in Table 2—4.

TABLE 2-4

Helicopter: CHINOOK (CH-47A)
• Al ti tude: 4000 ft fl i ght/2000 ft Idle

Temperature: 15°C

LEG DiSTANCE 
— 

AS TIME GW (ibs) FUEL

• I dle 0 A - 10 mm 
- 

— 187 lbs

A-ti 70 N.M. 70 kts 1 hr 20,000 1325 lbs
• — -- -— —-—— ~~ • . •

~~~
-

Idle @ B - - 20 mm - 375 lbs

80 N.M. 40 kts 2 hr 32,000 4102 lbs

Idl e 0- C - - 20 mm — 375 lbs F
4’ 

. ------—___ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  ‘
P
11

1- C-A 140 N.M. 70 kts 2 hr 20,000 265’) lbs

J
IdIe @A 

— 

- - 10 mm - 187 1bs I’

Total ~2Cl lbs

9
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h. Although only two look-up tables were used for this example,
each type of table has several conditions that are changed so that a j
wide band of performance parameters can be addressed. The di scussion on

• each of the five types of tables is contained in Chapter 3. A succinct
description of each Of these five types of tables is:

(1) BasIc Fuel Flow Data: Gives the rate the aircraft uses fuel
dependent on the given fl ight conditions. - 

- 
-

- 

(2) Delta Fuel Flow for Drag Data: Gives the additional rate of
fuel flow to be added to the basic rate for external drag. 0 - 

-

(3) Ground Idle Fuel Flow Data: Gives the rate fuel is used when
the aircraft Is on the ground with its engine running. -

(4) Gross Weight Limits Data: A check on whether or not the aircraft
has enough lift to take off with a given weight.

(5) Velocity Limits Data: Gives the optimum (long range) speed and
maximum rates of speed.

O t

a

H
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CHAPTER 3

PERFORMANCE DATA TABLE DESCRIPTIONS

1. GENERAL
-
~ 

- 
• This chapter describes each 0f the five basic type tables used for

-
. 

. developing flight profiles. The variables within each type of table are
described as wel l as how the specific data required can be extracted.

2. BASIC FUEL FLOW DATA

a. The basic rate of fuel fl ow* is determined by five vari ables:

(1) Type of aircraft

. U (2) Altitude (Air Pressure)**

(3) Temperature***
a 

- (4) Gross Weight****

(5) Fl ight Mode

b. In each table (see Table 3—1 ) within the basic type, the fi rst
three variables are held constant for the whole table , i.e., (a) Type of
A ircraft , (b) Altitude (Air Pressure) above sea level , and (c) Tempera-
ture. These vari ables are stated at the top of each table.

c. There are five rows of fixed gross weights: 20,000 ibs, 24 ,000
lbs . 28,000 ibs, 32 ,000 lbs, and 33,000 lbs. The ten columns are fixed
flight modes.

(1) The first column is Hover In Ground Effect (HIGE). HIGE is
used for hovers at a height of 10 feet or less and a component of forwa rd
fl i ght 10 kts or less.

(2) The second column is Hover Out of Ground Effect (HOGE). This
is used for hovers at a hei ght of more than 10 feet.

H
*The lxzaic fue l f lag da ta represen ts a clean drag configuration with
all doors cloeed, no wing atoree, and no externa l s ling loads .

~~44Zl a lt7 tUdea or air p resaur ee are feet above sea level.
***p or avrapli.ci ty , all tanperat urea are conaid~,red to be the average

te”rp era ture in which the he licopter ia operat ing (Degre es Centigrade) .
***42lotal vehicle weight in pozazde.

11
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H.
(3) The third column is Nap of the Earth (NOE). This is defined

as all flight for variable speeds from 0 to 40 kts and variable altitudes. . -

(4) The remaining seven columns are for given airspeeds* (in kts) as
the flight mode.

d. There are 24 of these basic fuel flow charts. Each chart is for -

a di fferent combination of Air Pressure (Altitude) and temperature.

e. The Basic Fuel Flow Data Is the main table used in simulating
• a flight profile. For example, assume a pilot’s fl ight path will require

30 mi nutes of flight at 80 kts airspeed, 4000 ft. altitude, 15°C and a
gross weight of 28000 lbs In a CH—47A hel icopter. Using Table 3-1 at
a gross weight of 28000 lbs and an airspeed of 80 kts, the helicopter
will use 1589 lbs/hr fuel, i.e., for 30 mi nutes, 795 lbs of fuel will be
used.

f. The gross weight values selected provide the basic range of
load carrying capability for the ten flight modes of the CHINOOK hel i-
copter. Within the gross weight band shown, linear interpolation** is
quite accurate for estimating the fuel flow rates.

g. For example, using Table 3—1 , if the helicopter’s gross weight
was 30,000 lbs and if the flight mode was 60 kts , the fuel flow cannot
be found directly. But by interpolating between 60 kts , 28 000 lbs -

1634 lbs/hr and 32,000 lbs — 1850 lbs/hr. the basic fuel flow rate for
30,000 lbs is 1142 lbs/hr. In this example, if the helicopter flies in athis mode for 30 mi nutes, 871 lbs of fuel will be used.

h. As altitude and/or temperature changes occur, different tables
are used to look up the aircraft’s basic fuel flow rate for each leg of
the flight path. Care must be taken that the proper table Is used.

1. Appendix A contains a set of functions that will give a good
approximation of the basic rate of fuel flow.

3.. DELTA FUEL FL OW F OR DRAG DATA

a. The delta fuel flow for drag Is al so determi ned by five variabl es : - 

- -

• (1) Type of Ai rcraft

(2) AltItude (Ai r Pressure) —

(3) Temperature

(4) Drag Surface (Equivalent Square Footage )

(5) Air Speed

- 
£ t r.f.r.n ~,.. to ai~’.pud. a, ’ to true ai~’.pee da.

U “AU ,‘f.r. *,.e to £*t.~Wiat ~Ofl a~ Un*v’ interpolation.. S.. PP PEI,
Voia I, c*apt., ’ 3 f or a d~.ou..ion on the a~euraay of interp olation.
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b. Like the basic fuel flow tables , there are 24 tables for delta
fuel flow for drag.

c. There are four fixed rows of equivalent square feet of drag:
• 50 equIvalent sq ft thru 200 equIvalent sq ft.

d. The seven columns are for airspeeds in kts of: 40 kts , 60 kts,
80 kts , 100 kts , 120 kts , 140 kts , and 160 kts.

e. When an external load is placed on the helicopter , the amount of
fuel consumed per hour Increases. The delta fuel flow for drag tables
indicate how much extra fuel consumption to add to the basic fuel flow
rate.

f. In the example given earl ier, a 30 mi nute flight at 80 kts airspeed, •

4000 ft altItude, 15°C and a gross weight of 28,000 lbs was used. Using
• the basic fuel flow tables, the basic fuel flow rate was 1589 lbs/hr.

Assuming for this new example that part of the l oad is external and
• 

• inducing a 100 equivalent sq ft external drag, the delta fuel flow for
drag (Table 3—2) shows 221 lbs/hr should be added to the basic fuel flow
rate. Thus the basic fuel flow rate becomes 1589 t 221 or 1810 lbs per
hour and for a half—hour flight , 905 lbs of fuel will be used instead of
the 795 lbs figured without an external load .

g. Appendix B contains a funct ion that will give a good approximation
of the delta fuel flow for drag.

4. GROUND IDLE FUEL FLOW DATA

a. The ground idle fuel flow rate is determi ned by only three -
~~~~

vari ables:

(1) Type of Ai rcraft

(2) Al titude (Air Pressure)

(3) Temperature 
•

b. There is only one ground Idle fuel flow table (shown as Table 2—2). - 

-

The t3ble has four rows of temperatures: -25°C , —5°C , 15°C and 35°C,
and six columns of altitudes: Sea Level , 2000 ft, 4000 ft., 6000 ft.,
8000 ft., and 10000 ft.

c. The ground idle fuel flow table Is used as discussed in the
example flight profile in Chapter 2 (Table 2-2). The CH—47A helicopter

• • . idling fur 20 mi nutes at 2000 ft. altitude and 15°C, (across the row
labeled 15°C and down the column labeled 2000) find the IntersectIon at

• 562. Thus, the CH—47A uses 1124 lbs/hr at these conditions and since It
• Is Idl ing for 20 mInutes or 1/3 of an hour, it will use 375 lbs of fuel.

15
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d. If the helicopter had only been 1000 ft. above sea level, the con-
sunption rate would be found by interpolating between the sea level rate
of 1180 lbs/hr and the 2000 ft. rate of 1124 lbs/hr which woul d be 1152
lbs/hr. In 1/3 of an hour 384 lbs of fuel would be used.

e. Appendix C contains a function that will give a good approxima-.
tion of the ground idle fuel flow.

5. GROSS WEIGHT LIMITS DATA •

a. Gross weight limits tables are intended to show whether or not
the aircraft can safely take off for four sets of criteria. These• criteria are defined in the followIng paragraphs:

(1) Criteri a 11 is based on the helicopter using 100% of Maximum
Power for take off and having enough power to lift straight up and above

• ground effect (See Figure 3-1). Once it is 1’~ hovering above groundeffect level the helicopter begins forward fl i ght until it acquires,
transitional lift and is able to climb at 450 ft/mm (a desired standard
rate of clint) to the desired altitude. This criteria has some risk
since the pilot has no reserve power. It has less risk than Criteria 13
but more than Criteria #2 thus it Is considered to be uMiddle of the
Roadu risk.

(2) CrIteria #2 (Figure 3-1) Is based on the helicopter using 95%
of Maximum Power for take off and enough power to Immed iately begin to
cl imb at a rate of 450 ft/mm . This is the least risky criteria since
the pilot has power In reserve and is still able to climb at a satisfactory
rate.

(3) Criteria #3 (Figure 3— 1) has the most risk. Using 100% of Maximum
Power the helicopter will only hover in ground effect. Therefore, at
an altitude of 10 feet or less, the pilot must begin forward fl ight
and gradua l ly increase airspeed to acquire transitional lift to climb. :- 

-The reasons for Its high risk are readily apparent. First, there Is no
power in reserve. Second, the pilot must begin forward flight at a
very low altitude.

(4) Criteria #4. Structural Gross Weight Limits Is the total upper 1 -J:

l imi t of gross weight the helicopter can carry under any take off criteria.

b. Gross Weight limits are determined by four variables:

(1) Type of Ai rcraft .

• U

(2) Criteria Chosen

( 3 )  Altitude (Air Pressure)

(4) Temperature

16
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CRITERIA #1 . -

(MIDDLE OF THE ROAD)
• 100% MAX POWER, HOGE

r

NOTHING TO SPARE.

• 
. 

- CRITERIA #2
(LEAST RISkY )

95% OF RATE D POWER. VE RTIC AL RATE OF CLIMB 450 FT/M E. HOGE S

.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~GRo::o

POWER LEFT

It

U CRITERIA #3
(MO ST RISKY )

100% MAX POWER. NICE ~ 

-

-

FLIG HT
TRA::,Tu~~~~~~ IFT~~~~~~~~~~~~~,

NOTHING TO SPAR E. -1
FIgure 3—1
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c. Additionally, Criteri a #1 , #2 , and #3 differ due to engine power
limits or transmi ssion power limi ts of the aircraft. Thus there are six
tables :

(1) Criteria 11 (Due to engine)

(2) Criteria #1 (Due to transmission)

(3) Criteria #2 (Due to engine)

(4) Criteria #2 (Due to transmission)

(5) Criteri a #3 (Due to engine)

(6) Criteria #3 (Due to transmission)

ci. The structural gross weight limi t is a single val ue for each
hel icopter and is only dependent on the type helicopter. The CH-47A
structural gross weight limi t is given as 33,000 lbs and is listed at

• the bottom of each table. As the name implies , it is s imply not safe to
• expect the CH—47A structure to maneuver normally when the tot~Vweight• is larger than that value.

e. In simul ating inflight profile, the gross weight limits tables
• are used to check whether the aircraft is going to be too heavy to take

off under the given conditions. As an example, assume the pi lot of a
CH—47A planned a mi ssion that called for using take off criteria #1 and the
take of f was to be at 8000 ft., 15°C, and a gross weight of 31 ,200.
Three checks would be required: First, does this gross weight exceed
the structural gross weight limit? Second, does it exceed Criteria #1
(due to transmission)? Third, does it exceed Criteria #1 (due to engine)?
In the example given, the answer to all three questions is “No”, the
take off will not exceed aircraft limits. (Tables 3-3 and 3—4)

f. If the assigned gross weight had been 32,000 lbs , It would have
exceeded the val ue given for 8,000 ft. and 15°C at Criteria #1 (Due
to engine). (Table 3—3) The mi ssion could not be flown as planned.
The plan could be changed, for example to take off at 6000 ft. (which
might not be practical) or change to take off Criteria #3 (which is more ~~

•• 
~~~~~

risky but has higher limits).

g. If the assigned gross weight had been 33,200 lbs., it would have
exceeded the structural l imits. To perform the mission the only choices
woul d be to lighten the load or get another type helicopter.

h. Appendix U contains a set of functions that will give a good
approximation of the gross weight limits for takeoff.

18

-~~-~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ - - •.---~~—;-‘~—~~~~~~~~ • - - -
_
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _  ~



~ppIIIII7 ¶• 
_.
~ 

—.-,-
~~ 

—— ~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~ —.———— ~~-.-—. •— —--—---— — 

— — -
~~~

3~ ~0 .0 .J~_-, J~ ~~~ 
-p i.

o ~~i 0 ~ Lfl
N ~~~ -

— .~ r~ t~

C- .-o p.U~ C., —. ‘~ ) r-. ~~— r~ sj 
~~

~~~ .~
. 

— I-.
~~ r~ g.~

o ‘3 0. 0~ ~~o r i  .~~ ~n o
3 0 4 .  ~~ 0- ~.fl
‘O - •  I~ .-) ~

.
4. f•) ~~~

z
— 0— — — — VI Ca

L. t— . &~ F~. ~~~ — fr..

~~ 0 ~~ — Q 0 x ii- 0 — C P. UI
4. (1 C) .C. p-i .~ ..

VI — - U 4. ~~ i~) r) 14
fr- ..~~ C —

— — x iS.. • z
Z ~~ X 44 4— — — — — -.
— Z 44 ~~ I • — - UI .4
.4 — 9-. 0 ~~ i- 0 — 3 -  ‘ 0 4 .  0-. 3. U .3 0 — ~~~ 4. 3: • 4-

U ~~ I- 2 0 • 0 0 Itt ~ ) p. I
Z Li (.1 ~~ S 0 N ‘0 ~l 0 ~ -(V) - z ~~

- 
~~~ .- -.

La.I 0 ti. Z 9- — - Ii.. i.~~• 
14 I— I.. -‘ ii. ~~~

• 0 * < Ill
~~i Ia c UI — — — — U .11,— VI ~ ~c x U ~aJ ~~1 N p. 3:In 0 <  3: -~~~~~ U N 1 )  ‘3~~~~. s.. 3o *- I.. 3 .>  N - — (‘,j

- 0 < Z4 0- ‘C N r—
W X - —‘ 4 . 4 .~~~~~~~~ .4

0
t~~ 0 -a • .4

— InU 

- £4 .-
... ‘.3

— —  — — — —  4-.
t.. U U ~j  Z 4-

• Li VI
tfl UI in
N I —. ,. ~U • a

1~ S

3: 0
~~ VI
- 4 4 3:

~~~ 14 1
3 : - .

U t , , —
. 

Z. I&I Z
U ~ 

• 
~ O tsi - . U

• 
.4

• 4-

19 

-

:~~~~:i_ :•~
_ 

~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~ 
. 

_ _ _



-, 
~~~~~

- - - - ~~~~~~~~~~~~~~~~~ - 
~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - —

4~ !‘.‘.. ~~ 4.

~~ dl 3 dl
C ~~ (‘4 —. -~~

~~ Ill 4. (‘4
— .-~ (.

~ (‘1 ri

-0

~~ • 4’~
4. ~~ r-4 r..t
-~~ dl 4.
ri r) Fl ~~

0 C) 0 Fl
~; a P .  -0 --. — (fl
C d~ z~ 4. :0 dl

‘0 N ‘.0 dl .4
Fl Fl Fl F) .4

2
— a

— — — — — — — UI
1. 4— C F’. 

~‘ 4. p. 4-. Fl

~~ 0 dl F) 0 N I Fl
— 0  — C - C  UI UI Lfl W

— 4. N ‘0 dl —
UI Z — 14 F~ F) F) F) .4 4-

• 4 - 0  -~~ C ~~~~~ • —— — — 3: p. 3 1
1 14 ~~ I~~ 

il
— ifl JJ !~~ I — — — — — —
-3 — 9- 0 I .- 0 N 0- — — 0
I - . 3 .0  ~~ . 3 0  C C- ‘ 0 0  3: I-
U) 3 0 C.~ N UI dl -0 - I

7 I 2 ~j  I I C N C’ ~ s 4— ‘0
t, 3 Z £4 F) F) F) Fl 4 - -

— C~ u. 1 4 - -.  3: Ia. L.

.4 4- .a. — La. I 3
C * .

~~ U Li) 3: .
3 Ia) < 3: 11% — — -‘.1

• VI I- ~~ 1 0 14 dl N (‘4 (‘1 3: 14
In 3: 3: 14 N — — 4. -. 3

0 1 4, -  Ia. — & > 4— ‘0 -0 < I
1 3  0 - ~ 12 C~ 0- U) N
‘ . 3 0  -x ...~~~~~~ Fl F) F)

— 0  ~~ 3:
Ia. 0 <

0 14 3:
— In 3 •

.11 4--. U
3: 3— — — — — — 4-— 1

U U U U 2 4-
i~L U)

• ifl -34 in
(‘4 I — F)

L ... ..

___ 
-~~ - 

•E ~~
• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~~~ 

- ~~~~~~~

‘.

• - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



—5 -_ r , ,_ • _ ; ~~~~~~~~~~ -~~ - -~~~ - -

6. VELOCITY LIMITS DATA

a. There are various types of data given in these tables but like
• - 

the gross weight limits tables, they are primarily restraints on what
can be expected of a helicopter In planning a mission profile. VelocIty

• 

• 

limits tables are Influenced by five variables :

(1) Type of aircraft

(2) Air pressure (altitude)

(3) Temperature

• (4) Gross weight

(5) CondItion or limit

b. Items (1) through (4) are self-explanatory. There are five types
of information that can be listed under (5) :

(1) Long range

(2) Maximum continuous power

(3) Maximum power (due to engine limits)

(4) Transmi ssion limits

(5) Vne(velocitY never exceed)

c. For each aircraft , there are 24 Vel ocity Limits Tables depending
on air pressure and temperature combination. Table 3-5 is an example of
the content of the Velocity Limits Table.

d. The two columns under Long Range (Table 3-5) give the optimum
speed and fuel flow for each set of variables #1 through #4 above. Thus
the CH—47A operating at 2000 ft., temperature 15°C , and having a gross
weight of 28,000 lbs will fly a longer distance if the velocity is

• kept at 137 kts and will use 2148 lbs/hr of fuel at that velocity.
- 

I

e. Maximum continuous power gives the fastest speed at which a• helicopter can fly for long periods (30 minutes or more) and the associated - .-~

I • fuel flow rate. An example from Table 3-5 would be a CH—47A at 2000
ft. and 15° weighing 28,000 lbs could fly 164 kts with a fuel usage
of 2954 lbs/hr.
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f. Maximum power (engine and transmission limits) show the maximum
speeds the aircraft can structurally attain for short periods of time
(less than 30 minutes). Thus the CH—47A helicopter at 2000 ft and
15°C weighing 28,000 lbs has an engine that is capable of producing
enough power to fly 177 kts but the transmission limits the aircraft to
169 kts. Between these two columns then, the flight cannot exceed 169
kts with a fuel flow rate of 3111 lbs/hr.

g. There is another limiting factor called V (velocity never
exceed). This velocity limi t Is determi ned by hel~~opter structural
considerations. V~ ‘s are used in the same manner as maximum powerlimits described in paragraph f above. Since a value of 122 kts is
l isted for 2,000 ft., 15°C, and 28,000 lbs, this impl ies that none
of the values in d, e, or f can be reached.

7. DETAILED FLIGHT PROFILE USING ALL PERFORMANCE DATA TABLES

The example of a Flight Profile in Chapter 2 was Intentionally simplified
to assure clarity. The description of the various tables In this hand-
book, however, Indicates a more complex set of considerations are normally
encountered in developing the flight profile. With the description
provided in this chapter, additional information should be included in
the flight plan beyond that shown In the example and a suggested format
is provided below In Table 3—6.

TABLE 3-6

Helicopter:
Altitude:
Temperature: 

- - -
~~ 

-

LEG DISTAflCE AS CHECK 
- 

TIME GU (LBS) DRAG FUEL
• 

- VELOCITY
- 

LIMIT . 
-

•

H 
__

- -  

- 

_

- ±

Needed for each take off:
Weight at take off:
Type of take of f:
Check transmi ssion limits:
Check engine limits:
Check structural gross weight limit:
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CHAPTER 4
— 

i CHINOOK (CH-47A) PERFORMANCE DATA TABLES

GENERAL

The following tables are the major information presented in this hand-
book. If the procedure for using them is understood, a flight profile
for the CHINOOK (CH—47A) helicopter can be prepared in a matter of a few hours.
The performance data contained hav e been reviewed for accurac y and are
corrected to the best of our knowledge.. The tables are organized In
the following manner: 

•

Tables 4-1 to 4-24 Basic Fuel Flow Data

Tables 4-25 to 4-48 Delta Fuel Flow for Drag Data
— Table 4—49 Ground Idle Fuel Flow Data

Tables 4—50 to 4-55 Gross Weight Limits Data

Tables 4-56 to 4—79 Velocity Limits Data

‘
I

2
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• There Ir. four fUnctions that can be used to calculate the basic fuel
flow for the CH 47A helicopter. In order to use the functions the •

following data is need d:

1. flight t4ode
- • 

2. Temperature •
3. Pressure (al titude) -

- 

- 

- 4. Gross weight

-• Which of the four functions wil l  be used depends on the flight mode
The first function is for HIGE (Hover In Ground Effect) . -j

FF (HIGE) • f (TEMP . M I , GW)

The second function is for HOGE (Hover Out of Ground Effect) .

- 
FF (HOGE) • f (TEMP, ALT, GW)

• The third function is for HOE (Nap of the Earth).

FF (HOE) • f (TEMP. ALT, GW)

The fourth function is for Forward Flight.
FF (Forwa rd Flight) • f (AS, TEMP. ALT, GW) -~~~

The equation for FF (HIGE ) Is:

FF (HIGE) • A (ALT) + B (TEMP) + C (GW ) + 0 (ALT)(TEMP )
+ E (ALT) (GW) + F (TEMP) (GW)
+G(ALT) (TEMP) (GW)+K - .

-
‘ 

-
~

Where ALT is the altitude, TEMP is the temperature and GW I s the
gross weight and the constants have the following values: S

A • -7.15665985 X 10 2 £ • 2.56930846 X 10 1

B • -2.3518604 F • 1.80017465 X l0 ’~
C • 5.13386521 X l0~~ G • 1.39370938 X l0~~
D • -2.36933309 X io~ K • 5.08615311 X 102
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~Th
The equati9n for FE (HOGE) Is exactly the same form as FF (I4IGE).

A new set of values for the constants is used. These values are:

A • —7.89321018 X 10 2 E • 3.07750736 X
B • —2.75316495 F • 2.12039355 X lO~~
C • 6.41560983 X 1O~ G = 1 .84186992 X io’8

D — —3.26415004 X io~ K • 4.01074921 X 102

The equation for FF (HOE) is once again the same as FE (HIGE). The S

new values for the constants are:
A • -1 .01870282 X 10

_i 
E • 3.82094487 X io 6

B • -2.33942565 F • 1.6026065 X
C • 4.94293235 X io 2 G = 4.75979691 X io 8 •

0 • -9.4832739 X i0~~ K • 6.21096802 X 102

For the Forward Flight modes the form of the equation Is:
FF A( AS) + B(AS 2) + C(AS3) + D(TEMP ) + E(GW ) + F(ALT) + G(AS3)(TEMP )

+ H(AS2)(TEMP ) + I(AS)(TEMP ) + J(AS3)(GW) + K(AS2 )( GW )

• + L(AS)(GW) + M(AS3)(ALT) + N(AS 2 )(ALT ) + O(AS )(ALT ) + P(TE MP)(GW )
+ Q(TEMP)(ALT) + R(GW )(ALT) + S( TEMP ) ( GW ) (ALT ) + I

Where AS Is the air speed In kts and the val ues of the constants are:
A -5.86449397 K = 5.84522547 X io 6

B • 6.03244249 X 10 2 L • -8.03033821 X 1O ”~
C • 1.18214637 X io~ M • -1 .0186316 X 10.8

D • -3.21404946 N • -1.55880429 X io”6

E • 6.34362176 X io 2 0 • 2.36300752 X 10~~
F • —8.69411761 x io 2 P • 1.57303326 X 10~~
G • -6.00098531 X 10”~ Q • -2.20658883 X 10~~
H • -4.51068372 X R • 2.63398709 X io 6

I • 4.31923866 X 10—2 S • 1.1124619 X 10~~- t-- _ 
J • -1.36022993 X l0 ’8 I • 8.5389859 X io2 --

H- 119
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These functions allow anyone with a simple calculator to figure 5

- , the fuel flow of the aircraft and bypass both looking up the values --
and interpolating for points in be~~een the data points In the tables.

The above equations calculate the basic fuel flow for the CH 47A
helicopter wi th the following accuracies:

FF (HIGE) -99.33%
- , 

• FF (HOGE)-99.36%

FF (HOE) - 98.19%

- . FE (Forward Flight) - 98.09%

r
- 1

~

k

• .~~
S 

t -
’- ,

• 120

4I~~ j

t•I _ 
_ _  _ _ _

L. - 
I~~~ _ _5 ~~~~~



- S C

APPENDIX B
FUNCTION FOR CALCULATING I~ LTA.FUtL FLOW FOR DRAG

i

Ha’

121 
-



— - 5 - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 1

The function below will calculate the delta fuel flow for drag for
• the CH.1I47A helicopter. Recall fran the discussion In chapter three Lthat this value Ii added to the basic fuel flow value whenever drag Is

Increasing the rate of fuel flcw.*
S 

In order to use the function the following data Is needed:
• 1. Air Speed (AS)

2. Equivalent Square Footage of Drag (SQ)
3. Temperature (TEMP) In degrees centigrade
4. Altitude (ALT) In feet above sea level

That Is:
FF (Drag) • f ( A S, SQ, TEMP , ALT)

The equation for FF (Drag) Is:

FF (Drag) • A(AS) + B(AS2) + C(AS3) + D(TEMP ) + E ( S Q )  + F(ALT)
+ G(AS3) ( TENP ) + H (AS2)(TEMP) + I(AS)(TEMP ) + J(AS3) ( SQ)  + K (AS2) ( SQ )  ~-: 

-

+ L ( A S ) (S Q )  + 14(AS3) (ALT) + N(AS2)(ALI) + 0(AS) (ALT) + P(TENP)(SQ )

+ Q(IEMP)(AL.T) + R(SQ)(ALT) + S(SQ)(AL T)(TEMP ) + I -

Where the constants have the following values: •

A • -1.55468985 K • —2.21060582 X 1O’~ 
-

B • 1.74179138 X io 2 I — 2.58207321 X

C — 5.52420597 X l0~ M • —1 .4847501 X io 8 -

D • 3.23438925 N • —1 .75797179 X 10—6

E • 1.2785452 0 • 1.58675015 X lO~ 
S

F • 2.6535566 X io 2 P • —2.8082402 X 10—2

6 • —2.35626086 X 10 6 Q — -2.04823664 X io 6
H • 1.16063618 X io~ R • -2.47788365 X 

~~
- :~

- 

S 
I • —1.08610392 X 1052 S — 9.04279823 X
J • 4.4644508 X 1O~ I • -1.28185028 X 102 -

~~~~

*~l~~p is no d.Zta f t i .i f iow for drag f or NI GH, HOGE or NGE fUght. 1
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— This equation Ca%cUlates the delta fuel flow for drag value with.
an accuracy of 99.67%. -It should be noted that In s~~ Instances the

- ccmputed value will be negative. If this occurs, zero (0) should be
used as the value for delta fuel flow.

- I

C
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The-f unction below Will calculate the ground idle fuel flow rate for
th CH-41A helicopter. In order to use the function the followIng data
is n eded :

1. Temperature (TEMP ) In degrees centigrade.

2. Altitude (ALT) In feet above sea level.

That is:
- 

FE (Idle) • f (TEMP. ALT)

TM equation, for FE (Idle) is:

FE (Idle) • A(TEMP) + B(ALT) + C(TEMP)(ALT) + D(TEMP2) + E(ALT2) + F

Where the constants have the following values:

A u -9.99999985 X 10 1 0 • 1 .60979201 X l0~ 

S

B • —3.73999695 X io 2 £ • 7.14257675 X 10 58

C • —1 .07357118 X 1O~~ F • 1.20071422 X l0~
Thi s equation calculates the ground idle fuel flow rate with an

accuracy of 99.75%.
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I- FUNCTIONS FOR CALCULATING GROSS WEIGHT LIMITS FOR TAKEOFF
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The functions given bel ow will calculate the gross weight limits
for take off for the CH-47A helicopter. Each of the functions Is of
the seme basic form with the values of the constants changing depending S

on which take off criteria is being used. In all cases the Structural S

Gross Weight Limit of the CH-47A helicopter Is 33,000 lbs.

In order to use the functions the followi ng data is needed: S

1. Temperature (TEMP ) in degrees centigrade

2. Altitude (ALT ) In feet above sea level

That i s : 
S I

6W (LImit) • f (TEMP . ALT) I
The basic equation for 6W (Limit) Is: -

~

6W (LimI t) • A ( TEMP)  + B(ALT) + C(TEMP)(ALT) + D

For take off criteria #1 the equation must be used twice, once using 5:
the engine limit constants and once using the transmission limi t constants.
For take off criteria #1 the constants for engine limi ts are:

A • —2.03450139 X io2 C • 3.68664737 X

B -1.34642246 0 • 4.46380747 X io~ 
S

For take off criteria #1 the constants for transmission limits are: 5

A • -5.39452381 X 10 C • 1.34714452 x 1o~
B - -5.51487826 X io .1 0 • 3.95164639 X

• For take off criteria #2 two checks must also be made. The constants
for engine limi ts, take off criteria #2 are:

A • -1.91680241 X io2 C • 3.32721538 X l0~ -
S 

B • —1.25616817 0 • 4.1769603 X lO~ 
-

For take off criteria #2 the constants for transmission limits are:

• 
A • -5.056429 X 10 C • 2.73357895 X l0’~ S -

-

- 1 8 • -5.08491784 X 10 1 0 • 3.80728213 X l0~

4 S
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- - *110 for t~ 1 ~ff criteria -# 3 two checks Ius~ be made. The cOêt tants
for engime limits. take pff criteria #3 are: 

- - 
S

A—-2 .2619001 X 102 C -  4.13450238X10 3 - 
S

B • —1.51476888 - 
D • 5.01781396 X 1O~ -

- For take of f  criteri a #3 the constants for transmission limits are:

A • -6.65571413 X 10 C — 8.12428523 X l0~ 
-

S 

B • —6.53947815 X l0~ 0 • 4.46635469 I

This equation with the various sets of constants gives results that
are 99.79% accurate or better.

I

I,. q I i •  S

129

F t . :  - _ _ _ _ _ _  

________
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

r ___ 
~~~~~



PU!’
~~~~
’ - ~SS•~ S -

~~~
-
~~

- -
~~~~~~

5
~ — :  — —

~

•-

~
- — -•-~— ~ ,~ ~~~~~~~~~~~~~~~~~~~~ 

.~~~~~~~- — ‘ r5-~~~~~~~ ~~~r ‘Y.~~z- 

~~
CS - 

V

- - 

~~~~S0tIW Il ) p
~* JW -JIDt ,ij1~~ ;-

~ H -
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SHORT DESCRIPTION OF CHINOOK (cH-47A) DATA SOURCE
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~~VZCT: Short Description of CH—17A Performance Data Provid.d to TLIDOC
Systans Analysis Activity (TRASAM)

-S

1. Psi ets*ceE

a. Operators Maunal, Army Mod.l CR—47A, ThS3—1520—209—10. - -

b. Category II Performance tests of the CH—47A Helicopter , Air Force FTC—
TR—66—2.

c DetermInation of the Iffect s of Rotor Blade Compressibility 
S

on the Performenc. of the UR—IP ; PTC—T&—65—17.

d. Airworthiness and Qu..Ulication Teat (Phase D), CH-471 Helicopter ,
USAASTA Proj ect 66-23.

2. Tb. performanc, data presented to TRASAJA is the result of c~.biniug
the helicopter power rsquir.d, engine power available and engine fuel f Low
characteristics. The CR-47A power required was calculated from a non-dimen-
sional representation of engine power required (coefficient of power) v.s.
grou weight (coefficient of th rust ) and true airspeed (advance ratio ) .
The non-dinensional power required was obtained from ref erence lb. Lii a

performance in ground ef f ect represents a 10 foot wheel height. A teepereture
S dependent correction, based on the method outl ined in reference ic. was made

to the power required to account for compressibility which could not be
accounted for in the non-dimensional representation.

3. The T55—L—7C engine power available to the CU—47A (which was used in
combinatiou with the power required to find helicopter take-of f and speed

S 

limits) was used as a funct ion of alti tude and tan peratu re , fro. reference U.

4. The engine fuel f low at a particular altitude and tenper ature 
5

combination was derived from a representa tive referred fuel flow a
function of referred engin, power. Th. ref erred fuel flow curve for the S

T55—L—7C engine was taken from ref erence id. The calculated fuel flows -• 
—

S - reflect SX conservatism. A referred paran eter is one which is divided by
t peratu re and prsssurs ratios in orde~ to represent all atnospheric S

conditions by one function, S

5. The never exceed speeds (Vn.e.) were calculated from those shown
S 

graphically in ref erence 1* 
- -

5 % 6 Tb. Structural Gross Weight limit of the CH—47A La 33000 lbs. - 

S
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